Abstract. This paper presents the dual combination-combination multi switching anti synchronization between two pairs of drive chaotic systems and two pairs of response chaotic systems. The multiple combination of chaotic systems and multi switching results in a complex dynamic behaviour, which is interesting to study. Using Lyapunov stability theory, sufficient conditions are achieved and suitable controllers are designed to realize the desired synchronization among eight chaotic systems. Corresponding theoretical analysis is presented and numerical simulations performed to demonstrate the effectiveness of the proposed scheme.
Introduction
The chaos synchronization problem, because of its interdisciplinary nature, has received interest from researchers across the academic fields since it was first introduced by Pecora and 
Formulation of dual combination combination multi switching synchronization
In this section, we formulate the synchronization scheme involving eight chaotic systems.
Let the first two drive systems be described as
where x 1 = (x 11 , x 12 , ..., x 1n ) T , x 2 = (x 21 , x 22 , ..., x 2n ) T , f 1 , f 2 : R n → R n are known continuous vector functions. Linear combination of the states of two drive systems (1) and (2) where A 1 = diag(a 11 , a 12 , ..., a 1n ), and A 2 = diag(a 21 , a 22 , ..., a 2n ) are two known matrices and a 1i , a 2 j are not all zero at the same time (i, j = 1, 2, ..., n).
Next two drive systems are written as (4)ẏ 1 = g 1 (y 1 ) (5)ẏ 2 = g 2 (y 2 )
where y 1 = (y 11 , y 12 , ..., y 1n ) T , y 2 = (y 21 , y 22 , ..., y 2n ) T , g 1 , g 2 : R n → R n are known continuous vector functions. Hence, the linear combination of the states of two drive systems (4) and (5) gives a resultant signal of the form Let the first two response systems be given by
R n → R n are known continuous vector functions, and u 1 = (u 11 , u 12 , ..., u 1n ), u 2 = (u 21 , u 22 , ..., u 2n ) are the controllers to be designed. By linear combination of the states of two response systems (7) and (8) 
where C 1 = diag(c 11 , c 12 , ..., c 1n ), and C 2 = diag(c 21 , c 22 , ..., c 2n ) are two known matrices and c 1i , c 2 j are not all zero simultaneously (i, j = 1, 2, ..., n).
Let the next two response systems be described as
where w 1 = (w 11 , w 12 , ..., w 1n ) T , w 2 = (w 21 , w 22 , ..., w 2n ) T , k 1 , k 2 : R n → R n are known continuous vector functions, and u 3 = (u 31 , u 32 , ..., u 3n ), u 4 = (u 41 , u 42 , ..., u 4n ) are the controllers to be designed. Linear combination of the states of two response systems (10) and (11) gives a resultant signal of the form (12)
are two known matrices and d 1i , d 2 j are not all zero at the same time (i, j = 1, 2, ..., n).
The error signal for dual combination combination synchronization is (13) where . is the vector norm, then the drive systems (1), (2), (4), and (5) realise dual combination combination anti synchronization with the response systems (7), (8), (10), and (11). 
where i, j, l, m = 1, 2, ..., n and the subscript (i jlm) denotes i th component of x 1 and x 2 , j th component of y 1 and y 2 , l th component of z 1 and z 2 , and m th component of w 1 and w 2 . In relation to Definition 1, the indices (i jlm) of the error states e 1m (i jlm) , and e 2m (i jlm) are strictly
Definition 2.5. If the indices of the error states e 1m (i jlm) , and e 2m (i jlm) are redefined such that where i, j, l, m = 1, 2, ..., n and . is the vector norm, then the drive systems (1), (2), (4), and (5) are said to be in dual combination combination multi switching anti synchronization with response systems (7), (8), (10), and (11).
tion combination multi switching anti synchronization changes to multi switching combination combination anti synchronization problem of chaotic systems.
ing anti synchronization changes to dual combination multi switching anti synchronization of chaotic systems.
and 
Synchronization Theory
In this section we achieve the dual combination combination multi switching anti synchronization among four chaotic drive systems and four chaotic response systems. Let the control functions be defined as
where
and
Theorem 3.1.The drive systems (1), (2), (4), and (5) achieve dual combination combination multi switching anti synchronization with response systems (7), (8), (10) , and (11) if the control functions are chosen as given in (17).
Proof Using (13) the error dynamical system can be written as
which can be further written as
From this we obtain
where the indices (ijlm) satisfies one of the generic conditions given in Definition 2.
Let the Lyapunov function be defined as
The derivativeV is obtained as
Using (17) and (21) in the above equation we geṫ
Thus we see thatV is negative definite. Using Lyapunov stability theory, we get lim t→∞ e = 0, which gives us lim t→∞ e 1 = 0 and lim t→∞ e 2 = 0. This means that the drive systems (1), (2), (4), and (5) achieve dual combination combination multi switching synchronization with response systems (7), (8), (10), and (11).
The following corollaries are easily obtained from Theorem 1 and their proofs are omitted here.
Corollary 3.2. (i) If
.., n then the drive systems (2) and (5) achieve multi switching combination combination anti synchronization with the response systems (8) and (11) provided the control function is chosen as
.., n then the drive systems (1) and (4) achieve multi switching combination combination anti synchronization with the response systems (7) and (10) provided the control function is chosen as
.., n then the drive systems (1), (2), (4) and (5) achieve dual combination multi switching anti synchronization with the response systems (10) and (11) provided the control functions are chosen as
.., n then the drive systems (1), (2), (4) and (5) achieve dual combination multi switching anti synchronization with the response systems (7) and (8) provided the control functions are chosen as
, and c 2m = 0, i, j, l, m = 1, 2, ..., n then the drive systems (2) and (5) achieve multi switching combination anti synchronization with the response system (11) provided the control function is chosen as
.., n then the drive systems (2) and (5) achieve multi switching combination anti synchronization with the response system (8) provided the control function is chosen as
, and c 1m = 0, i, j, l, m = 1, 2, ..., n then the drive systems (1) and (4) achieve multi switching combination anti synchronization with the response system (10) provided the control function is chosen as
.., n then the drive systems (1) and (4) achieve multi switching combination anti synchronization with the response system (7) provided the control function is chosen as
Illustration of the synchronization scheme
In this section we realize the dual combination combination multi switching synchronization among eight chaotic systems and perform numerical simulations to show the validity and effectiveness of the proposed scheme. As an example we consider Lorenz system and Chen system to demonstrate the method. let the first two drive systems be given as
x 12 =28x 11 − x 11 x 13 − x 12
The next two drive systems are considered as (26)
The first two response system are described as under the assumption that
These controllers (31) and (32) In this paper a novel scheme for synchronization involving eight chaotic systems has been
Conclusion
proposed. The proposed scheme dual combination combination multi switching anti synchronization achieves synchronization between four chaotic drive systems and four chaotic response systems in a multi switching manner. The complexity of signal achieved by multiple combination increases the security of transmitted signal, as the dynamic behaviour of resultant signal 
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